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BIAS CIRCUIT AND AMPLIFIER WITH
CURRENT LIMIT FUNCTION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the priority of Korean Patent
Application No. 10-2013-0017407 filed on Feb. 19, 2013, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a bias circuit and an ampli-
fier that have a current limit function capable of limiting a bias
current exceeding a normal range by varying a control volt-
age.
2. Description of the Related Art

In general, selecting a wireless communications scheme is
a matter of selecting a digital modulation/demodulation
scheme, and an appropriate scheme has been employed in
consideration of frequency utilization -efficiency. For
instance, a quadrature phase shift keying (QPSK) scheme is
employed for a mobile telephone using a code division mul-
tiple access (CDMA) scheme, and an orthogonal frequency
division multiplexing (QFDM) scheme is employed in a wire-
less LAN conforming to the Institute of Electrical and Elec-
tronics Engineers (IEEE) 802.11 standards.

Wireless communications systems in which such wireless
communications schemes are employed include power
amplifiers for amplifying high frequency signals.

Here, in a system requiring linear amplification, a power
amplifier having linear characteristics is required to amplify a
transmission signal without distortion. Here, linear charac-
teristics mean that the power of an output signal is amplified
at a constant rate while the phase thereof'is not changed, even
in the case that the power of an input signal varies.

In addition, a technology which compensates for tempera-
ture so as to prevent a power amplification rate from signifi-
cantly changing, even in the case that ambient temperature
changes, is required.

In a typical power amplifier, a bias voltage generated by a
bias circuit is supplied to a power amplifying element. The
bias circuit may include a temperature compensation func-
tion.

However, a temperature compensation function in atypical
power amplifier, performed by a transistor, may have limita-
tions, such that bias current may increase due to anincrease in
temperature. In this case, the increased bias current may
cause the temperature at the junction of the transistor
included in a bias voltage generating unit to be increased, a
so-called thermal runaway phenomenon.

Patent Document 1 relates to a power amplifier but does not
disclose limiting a high bias current exceeding a normal range
by varying a control voltage.

RELATED ART DOCUMENT

(Patent Document 1) Japanese Patent Laid-Open Publica-
tion No. 2009-200770

SUMMARY OF THE INVENTION

An aspect of the present invention provides a bias circuit
and an amplifier which have current limit functions to limit a
bias current exceeding a normal range by varying a control
voltage.
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According to an aspect of the present invention, there is
provided a bias circuit including: a control voltage generating
unit generating a control voltage using a reference voltage; a
bias voltage generating unit generating a bias voltage accord-
ing to the control voltage; and a bias current limit unit con-
trolling the control voltage according to a bias current of the
bias voltage generating unit.

According to another aspect of the present invention, there
is provided an amplifier including: a control voltage generat-
ing unit generating a control voltage using a reference volt-
age; a bias voltage generating unit generating a bias voltage
according to the control voltage; a bias current limit unit
controlling the control voltage according to a bias current of
the bias voltage generating unit; and an amplifying unit
receiving the bias voltage from the bias voltage generating
unit to amplify a high frequency signal.

In the above aspects, the control voltage generating unit
may include: a first temperature compensating transistor hav-
ing a collector connected to a reference voltage input terminal
via a first resistor, and an emitter and a base connected to a
ground; and a second temperature compensating transistor
having a collector connected to an operating voltage input
terminal, a base connected to the collector of the first tem-
perature compensating transistor, and an emitter connected to
the ground via a second resistor, wherein the control voltage
may be provided from the collector of the first temperature
compensating transistor.

The bias voltage generating unit may include: a bias supply
transistor having a collector connected to the operating volt-
age input terminal, a base connected to the collector of the
first temperature compensating transistor, and an emitter con-
nected to an output node of the bias voltage generating unit;
and a capacitor connected between the base of the bias supply
transistor and the ground.

The bias current limit unit may include: a current limit
resistor reducing a voltage according to the bias current; and
a current limit transistor operated by a voltage difference
between the bias voltage and the voltage reduced by the
current limit resistor and controlling current flowing through
the second temperature compensating transistor.

Alternatively, the bias current limit unit may include: a
current limit resistor having one end connected to an output
node ofthe bias voltage generating unit and the other end; and
a current limit transistor having a collector connected to the
emitter of the second temperature compensating transistor, a
base connected to the other end of the current limit resistor,
and an emitter connected to the ground.

Here, the current limit transistor may be operated by a
voltage difference between the bias voltage and a voltage
reduced by the current limit resistor and control current flow-
ing through the second temperature compensating transistor.

In another aspect of the present invention, the amplifying
unit may include a power amplifier amplifying power of the
high frequency signal.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features and other advantages
of'the present invention will be more clearly understood from
the following detailed description taken in conjunction with
the accompanying drawings, in which:

FIG. 1 is a block diagram of a bias circuit and an amplifier
according to an embodiment of the invention;

FIG. 2 is a circuit diagram specifically illustrating a bias
circuit and an amplifier according to an embodiment of the
invention;
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FIG. 3 is a circuit diagram illustrating a first operation of a
bias circuit and an amplifier according to an embodiment of
the invention; and

FIG. 4is acircuit diagram illustrating a second operation of
a bias circuit and an amplifier according to an embodiment of
the invention.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, embodiments of the present invention will be
described in detail with reference to the accompanying draw-
ings.

The invention may, however, be embodied in many difter-
ent forms and should not be construed as being limited to the
embodiments set forth herein. Rather, these embodiments are
provided so that this disclosure will be thorough and com-
plete, and will fully convey the scope of the invention to those
skilled in the art.

Throughout the drawings, the same or like reference
numerals will be used to designate the same or like elements.

FIG. 1 s a circuit diagram of a bias circuit and an amplifier
according to an embodiment of the invention.

Referring to FIG. 1, the bias circuit according to the present
embodiment of the invention may include a control voltage
generating unit 100, a bias voltage generating unit 200, and a
bias current limit unit 300.

Further, the amplifier according to the present embodiment
of'the invention may include a control voltage generating unit
100, a bias voltage generating unit 200, a bias current limit
unit 300 and an amplifying unit 520.

In addition, the amplifier according to the present embodi-
ment of the invention may further include an input matching
unit 510 connected to an input terminal of the amplifying unit
520, and an output matching unit 530 connected to an output
terminal of the amplifying unit 520.

The control voltage generating unit 100 may generate a
control voltage Vc using a reference voltage Vref. For
example, when the reference voltage Vrefis 2.9V, the control
voltage Vc may be 2.6 V.

The bias voltage generating unit 200 may generate a bias
voltage Vbias according to the control voltage Vc. For
example, if the control voltage V¢ increases, the bias voltage
Vhbias also increases, and if the control voltage V¢ decreases,
the bias voltage Vbias also decreases.

The bias current limit unit 300 may limit an increase in a
bias current Ibias by controlling the control voltage Vc
according to the bias current Ibias of the bias voltage gener-
ating unit 200.

For example, if the bias current Ibias increases, the control
voltage Vc is reduced so that the bias current may be limited.

FIG. 2 is a circuit diagram specifically illustrating a bias
circuit and an amplifier according to an embodiment of the
invention.

Referring to FIG. 2, the control voltage generating unit 100
may include a first temperature compensating transistor Q11
having a collector connected to a reference voltage Vref input
terminal via a first resistor R11 and an emitter and a base
connected to a ground, and a second temperature compensat-
ing transistor Q12 having a collector connected to an operat-
ing voltage Vcc input terminal, a base connected to the col-
lector of the first temperature compensating transistor Q11
and an emitter connected to the ground via a second resistor
R12.

Here, a base-emitter voltage Vbel of the first temperature
compensating transistor Q11 is equal to a voltage VR12
across the second resistor R12, and a collector-base voltage
Vbl of the first temperature compensating transistor Q11 is
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equal to a base-emitter voltage Vbe2 of the second tempera-
ture compensating transistor Q12.

Accordingly, the control voltage V¢ output from the col-
lector of the first temperature compensating transistor Q11 is
equal to the sum of the collector-base voltage Vcbl and the
base-emitter voltage Vbel of the first temperature compen-
sating transistor Q11, and to the sum of the base-emitter
voltage Vbe2 and the voltage VR12 across the second resistor
R12 of' the second temperature compensating transistor Q12.

The bias voltage generating unit 200 may include a bias
supply transistor Q21 having a collector connected to the
operating voltage Ve input terminal, a base connected to the
collector of the first temperature compensating transistor Q11
and an emitter connected to an output node No of the bias
voltage generating unit 200, and a capacitor C21 connected
between the base of the bias supply transistor Q21 and the
ground.

Here, the bias supply transistor Q21 may supply the bias
voltage Vbias to the output node of the bias voltage generat-
ing unit 200 according to a stable voltage from which an
alternating current (AC) component is removed by the
capacitor C21.

In addition, the bias current limit unit 300 may include a
current limit resistor R31 reducing a voltage according to the
bias current Ibias, and a current limit transistor Q31 operated
by a voltage difference between the bias voltage Vbias and the
voltage VR31 reduced by the current limit resistor R31.

Here, the current limit resistor R31 may have one end
connected to the output node No of the bias voltage generat-
ing unit 200, and the other end connected to the base of the
current limit transistor Q31.

The current limit transistor Q31 may have a collector con-
nected to the emitter of the second temperature compensating
transistor Q12, abase connected to the other end of the current
limit resistor R31, and an emitter connected to the ground.

The current limit transistor Q31 may be operated by the
voltage difference between the bias voltage Vbias and the
voltage VR31 reduced by the current limit resistor R31, to
thereby control the current flowing through the second tem-
perature compensating transistor Q12.

Then, the amplifying unit 520 may receive the bias voltage
Vbias from the bias voltage generating unit 200 to amplify a
high frequency signal.

Here, the input matching unit 510 performs impedance
matching at the input terminal of the amplifying unit 520,
such that an input signal IN input via the input terminal is
transmitted to the amplifying unit 520 without loss. Likewise,
the output matching unit 530 performs impedance matching
at the output terminal of the amplifying unit 520, such that an
output signal OUT is transmitted from the amplifying unit
520 to the output terminal without loss.

The bias current limit operations performed in the bias
circuit and the amplifier according to the embodiments of the
invention will be described with reference to FIGS. 3 and 4.

FIG. 3 is a circuit diagram illustrating a first operation of a
bias circuit and an amplifier according to an embodiment of
the invention.

Referring to FIG. 3, the bias current Ibias is input to the bias
current limit unit 300 via the output node No of the bias
voltage generating unit 200.

If the bias current Ibias increases, the voltage drop VR31
across the current limit resistor R31 included in the bias
current limit unit 300 increases. Accordingly, the base voltage
Vb applied to the base of the current limit transistor Q31
decreases, and the current I flowing through the collector-
emitter of the current limit transistor Q31 is reduced.



US 9,071,213 B2

5

Further, the current flowing through the collector-emitter
of the second temperature compensating transistor Q12
included in the bias voltage generating unit 200 is reduced.

Then, if the current flowing through the collector-emitter
of the second temperature compensating transistor Q12
decreases, the base-emitter voltage Vbe2 of the second tem-
perature compensating transistor Q12 is reduced, such that
the control voltage V¢ is reduced.

Then, if the control voltage Ve decreases, the bias current
Ibias flowing through the collector-emitter of the bias supply
transistor Q21 included in the bias voltage generating unit
200 is reduced.

Eventually, it can be seen that an increase in the bias current
is limited by the bias current limit unit 300 when the bias
current Ibias increases.

FIG. 4is acircuit diagram illustrating a second operation of
a bias circuit and an amplifier according to an embodiment of
the invention.

Referring to FIG. 4, as described above, the bias current
Ibias is input to the bias current limit unit 300 via the output
node No of the bias voltage generating unit 200.

If the bias current Ibias decreases, the voltage drop VR31
across the current limit resistor R31 included in the bias
current limit unit 300 decreases. Accordingly, the base volt-
age Vb applied to the base of the current limit transistor Q31
increases, and the current I flowing through the collector-
emitter of the current limit transistor Q31 is increased.

Further, the current flowing through the collector-emitter
of the second temperature compensating transistor Q12
included in the bias voltage generating unit 200 is increased.

Then, if the current flowing through the collector-emitter
of the second temperature compensating transistor Q12
increases, the base-emitter voltage Vbe2 of the second tem-
perature compensating transistor Q12 is increased, such that
the control voltage Ve is increased.

Then, if the control voltage Vc increases, the bias current
Ibias flowing through the collector-emitter of the bias supply
transistor Q21 included in the bias voltage generating unit
200 is increased.

Eventually, it can be seen that a decrease in the bias current
Ibias is limited by the bias current limit unit 300 when the bias
current Ibias decreases.

As set forth above, according to embodiments of the inven-
tion, in a bias circuit of an amplifier, a bias current exceeding
anormal range can be limited by varying a control voltage and
thereby preventing thermal runaway, so that the circuit and
components thereof can be protected.

While the present invention has been shown and described
in connection with the embodiments, it will be apparent to
those skilled in the art that modifications and variations can be
made without departing from the spirit and scope of the
invention as defined by the appended claims.

What is claimed is:
1. A bias circuit comprising:
a control voltage generating unit generating a control volt-
age using a reference voltage;
a bias voltage generating unit generating a bias voltage
according to the control voltage; and
a bias current limit unit controlling the control voltage
according to a bias current of the bias voltage generating
unit to limit an increase in the bias current,
wherein the control voltage generating unit includes:
afirst temperature compensating transistor having a col-
lector connected to a reference voltage input terminal
via a first resistor, and an emitter and a base connected
to a ground; and
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a second temperature compensating transistor having a
collector connected to an operating voltage input ter-
minal, a base connected to the collector of the first
temperature compensating transistor, and an emitter
connected to the ground via a second resistor,

wherein the control voltage is provided from the collector
of the first temperature compensating transistor, and

wherein the bias current limit unit includes:

a current limit resistor reducing a voltage according to
the bias current; and

acurrent limit transistor operated by a voltage difference
between the bias voltage and the voltage reduced by
the current limit resistor and controlling current flow-
ing through the second temperature compensating
transistor.

2. The bias circuit of claim 1, wherein the bias voltage
generating unit includes:

a bias supply transistor having a collector connected to the
operating voltage input terminal, a base connected to the
collector of the first temperature compensating transis-
tor, and an emitter connected to an output node of the
bias voltage generating unit; and

a capacitor connected between the base of the bias supply
transistor and the ground.

3. A bias circuit comprising:

a control voltage generating unit generating a control volt-
age using a reference voltage;

a bias voltage generating unit generating a bias voltage
according to the control voltage; and

a bias current limit unit controlling the control voltage
according to a bias current of the bias voltage generating
unit to limit an increase in the bias current,

wherein the control voltage generating unit includes:

a first temperature compensating transistor having a col-
lector connected to a reference voltage input terminal
via a first resistor, and an emitter and a base connected
to a ground; and

a second temperature compensating transistor having a
collector connected to an operating voltage input ter-
minal, a base connected to the collector of the first
temperature compensating transistor, and an emitter
connected to the ground via a second resistor,

wherein the control voltage is provided from the collector
of the first temperature compensating transistor, and

wherein the bias current limit unit includes:

a current limit resistor having one end connected to an
output node ofthe bias voltage generating unit and the
other end; and

a current limit transistor having a collector connected to
the emitter of the second temperature compensating
transistor, a base connected to the other end of the
current limit resistor, and an emitter connected to the
ground.

4. The bias circuit of claim 3, wherein the current limit
transistor is operated by a voltage difference between the bias
voltage and a voltage reduced by the current limit resistor, and
controls current flowing through the second temperature
compensating transistor.

5. An amplifier comprising:

a control voltage generating unit generating a control volt-

age using a reference voltage;

a bias voltage generating unit generating a bias voltage
according to the control voltage;

a bias current limit unit controlling the control voltage
according to a bias current of the bias voltage generating
unit; and
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an amplifying unit receiving the bias voltage from the bias
voltage generating unit to amplify a high frequency sig-
nal,

wherein the control voltage generating unit includes:
afirst temperature compensating transistor having a col-

lector connected to a reference voltage input terminal
via a first resistor, and an emitter and a base connected
to a ground; and
a second temperature compensating transistor having a
collector connected to an operating voltage input ter-
minal, a base connected to the collector of the first
temperature compensating transistor, and an emitter
connected to the ground via a second resistor,
wherein the control voltage is provided from the collector
of' the first temperature compensating transistor, and
wherein the bias current limit unit includes:
a current limit resistor reducing a voltage according to
the bias current; and
acurrent limit transistor operated by a voltage difference
between the bias voltage and the voltage reduced by
the current limit resistor and controlling current flow-
ing through the second temperature compensating
transistor.

6. The amplifier of claim 5, wherein the bias voltage gen-

erating unit includes:

a bias supply transistor having a collector connected to the
operating voltage input terminal, a base connected to the
collector of the first temperature compensating transis-
tor, and an emitter connected to an output node of the
bias voltage generating unit; and

a capacitor connected between the base of the bias supply
transistor and the ground.

7. The amplifier of claim 5, wherein the amplifying unit

includes a power amplifier amplifying power of the high
frequency signal.
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8. An amplifier comprising:

a control voltage generating unit generating a control volt-
age using a reference voltage;

a bias voltage generating unit generating a bias voltage
according to the control voltage;

a bias current limit unit controlling the control voltage
according to a bias current of the bias voltage generating
unit; and

an amplifying unit receiving the bias voltage from the bias
voltage generating unit to amplify a high frequency sig-
nal,

wherein the control voltage generating unit includes:

a first temperature compensating transistor having a col-
lector connected to a reference voltage input terminal
via a first resistor, and an emitter and a base connected
to a ground; and

a second temperature compensating transistor having a
collector connected to an operating voltage input ter-
minal, a base connected to the collector of the first
temperature compensating transistor, and an emitter
connected to the ground via a second resistor,

wherein the control voltage is provided from the collector
of the first temperature compensating transistor, and

wherein the bias current limit unit includes:

a current limit resistor having one end connected to an
output node ofthe bias voltage generating unit and the
other end; and

a current limit transistor having a collector connected to
the emitter of the second temperature compensating
transistor, a base connected to the other end of the
current limit resistor, and an emitter connected to the
ground.

9. The amplifier of claim 8, wherein the current limit tran-
sistor is operated by a voltage difference between the bias
voltage and a voltage reduced by the current limit resistor to
control current flowing through the second temperature com-
pensating transistor.



